Introduction
Posterior cortex epilepsies (PCEs) are seizure disorders emanating from the occipital, parietal, or occipital border of the temporal lobe, or from any combination of these regions. 1 No clear anatomic or neurophysiological distinctions are apparent among these cortical areas, and the epileptogenic regions are not always limited within the anatomic border of occipital, parietal, or posterior temporal lobe. In some authors' opinions, epilepsies originating from these regions would probably be better analyzed and understood when grouped together. 2, 3 Owing to the relatively low frequency of this form of epilepsy and the difficulty in localization of epileptogenic area, surgical treatment for epileptic seizures emanating from posterior cortex is less common than for seizures from the anterior temporal and frontal regions. In this study, we describe a series of patients with refractory PCEs to assess the diagnostic modalities and the surgical outcome, and to search for predictors of surgical outcome. We have focused our studies on the clinical features of PCEs including ictal semiology, MRI, electrophysiological data and histological findings.
Patients and methods
We retrospectively summarized the data of 326 patients who had consecutively received surgical treatment at the Comprehensive Epilepsy Center of Beijing (Beijing, China) from April 2001 to October 2006. The diagnostic criterion for PCEs was the presence of either a discrete lesion in the posterior part of the brain on MRI with compatible interictal/ictal EEG, or an ictal-onset zone in such part confirmed by intracranial EEG. Patients whose clinical and laboratory data did not support certain diagnosis of PCEs were excluded. Forty-six patients fulfilled our criteria, but three of them were missed in the follow-up. The remaining 43 patients were selected for this study.
The subjects were 28 men and 15 women whose ages ranged from 4 to 43 years (mean, 20.3 AE 9.5 years). The age at seizure onset ranged from 1 month to 36 years old (mean, 9.1 AE 7.6 years), and the duration of illness lasted from 1 to 30 years (mean, 11.1 AE 7.3 years). All patients had intractable epilepsies in spite of appropriate anticonvulsant medication. Surgeries were performed in all of the Posterior cortex Epilepsy surgery Surgical outcome S U M M A R Y Purpose: To assess the role of various pre-surgical evaluations in posterior cortex epilepsy (PCE) and its surgical outcome. Methods: A retrospective analysis of clinical and laboratory data from 43 PCE patients referred for surgery was performed. The diagnosis was established by standard pre-surgical evaluation modalities including semiology, MRI, interictal and ictal scalp video-EEG as well as additional intracranial EEG monitoring in selected cases. Results: The 43 patients included 11 parietal lobe epilepsies, 13 occipital lobe epilepsies, and 19 patients with seizures originating from parieto-occipito-posterior temporal cortex. Thirty-three (76.7%) patients experienced at least one type of aura. Seventeen patients showed complex focal seizures, which were followed by secondarily generalized tonic-clonic seizures in seven of them; eighteen patients predominantly showed simple motor seizures (clonic seizures in 6, tonic seizures in 7, and versive seizures in 5). Long-term visual field deficits were observed in 8 patients. Other transient neurological deficits occurred in 7 patients. All patients received the follow-up study lasting 1-5 years, and achieved Engel's I in 26 cases, II in 5, III in 5, and IV-V in 7. Malformation of cortical development was diagnosed in 41.9% of our surgical population. No significant relationship was found between the diagnostic accuracy of any pre-surgical evaluating modality and surgical outcome in this series. Conclusions: Surgical treatment is effective for PCE. Accurate localization of epileptogenic zone and eloquent cortex are two key factors for favorable outcome. None of the diagnostic modalities shows obvious predictive value for favorable surgical outcome.
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43 patients. The postoperative follow-up duration was >1 year in all patients (mean, 2.8 AE 1.4 years).
2.1. Pre-surgical evaluation 2.1.1. MR imaging Standard MRI was performed on 1.0-T or 1.5-T unit (Siemens Magneton Vision; Siemens, Munich/Erlangen, Germany) with conventional spin-echo T1-weighted axial, sagittal, coronal and T2-weighted axial sequences in all patients (section thickness: 5 mm, image gaps: 1 mm). Additionally, the Fluid Attenuated Inversion Recovery (FLAIR) images with 5-mm-thick axial sections were obtained, and coronal sections were also obtained perpendicular to the long axis of hippocampus.
Video-EEG monitoring
Interictal/ictal scalp EEG was recorded by using a video-EEG monitoring system (DaVinci, U.S.A.) with electrodes placed according to the international 10-20 system in all patients. Video-EEG monitoring duration ranged from 2 to 15 days and at least 3 habitual seizures were recorded during monitoring.
Seizure semiology and physical examination
All auras and seizures in the pre-surgical video-EEG monitoring phase were recorded for statistical analysis. Some auras were identified from their histories. The following ictal semiology was considered lateralized or localized: contralateral somatosensory and visual auras; contralateral tonic, clonic seizures; contralateral nystagmoid eye deviation or versive seizures. 4, 5 Neurological examination was performed for all patients. Particularly, vision and visual field tests were conducted before surgery in all patients, and were reviewed only in patients with occipital cortex resection two weeks later.
Intracranial EEG monitoring
Epileptogenic regions were preliminarily identified based on combined data from MRI, ictal semiology and interictal/ictal scalp EEGs. Patients were considered to belong to the lateralized and localized group if the seizure and EEG could be clearly assigned to the MRI lesions. Inconclusive or inconsistent results were obtained in 22 patients. We performed intracranial EEG monitoring for them. The placement of the grid or strip electrodes was determined according to the results of interictal/ictal scalp EEG, clinical semiology and MR imaging. In these patients, at least 2 habitual seizures were recorded during the intracranial EEG monitoring. Pre-operative functional mapping was performed in 7 patients and intra-operative functional mapping was conducted in 4 patients.
Surgery and surgical outcome
Intra-operative electrocorticography (ECoG) before and after cortex resection was performed in all patients to tailor the resection. Four patients were wakened up from general anesthesia for intra-operative functional mapping. All surgical complications, major or minor, were reviewed. Surgical outcome was evaluated by using the Engel's classification 6 and the patients were further classified into two subgroups: favorable (Engel class I and II) and unfavorable (Engel class III, IV and V).
Pathological diagnosis
Tissue sections from cortical resection were examined for detailed histological study. A diagnosis of pathological Malformation of Cortical Development (MCD) was made according to the grading system of Palmini et al. 7 
Evaluation of the diagnostic sensitivity of the non-invasive modalities
The results of semiology, MRI and interictal/ictal EEG were reviewed. The diagnostic sensitivity of these non-invasive modalities was evaluated according to their capability for correct lobar localization of the epileptogenic zone as affirmed by three epileptologists. Though postsurgical seizure freedom is the gold standard, intracranial EEG recordings and postsurgical seizure freedom as criteria for the accuracy of the pre-surgically applied non-invasive diagnostic modalities were not given in all patient. In several patients with unfavorable surgical outcome, the reason might be the incomplete removal of epileptogenic zone for its involvement of the eloquent cortex rather than false localization. Hence, we did not exclude the unfavorable cases in our evaluation. The role of diagnosis was classified as localizing, lateralizing, nonlateralizing, posterior cortex localizing or false-localizing/lateralizing 8 ( Table 1) . Statistical significance was assessed using the X 2 test or continuity correction test.
Results

Localization of the epileptogenic regions
The epileptogenic regions were identified by the comprehensive results of MRI, interictal and ictal video-EEG recording, semiological findings, neurological examination and intracranial EEG monitoring. The localization of the epileptogenic regions were demonstrated as follows: 11 in parietal lobe, 13 in occipital lobe and 19 in other parts of the posterior cortex including parietooccipital, temporo-occipital, temporo-parieto-occipital border.
Auras and seizure semiology
Thirty-three (76.7%) of the patients were currently experiencing or had previously experienced auras before seizures, and two or more types of auras were experienced in 15 patients (Table 2 ). Elementary visual hallucination as an aura was reported most frequently (14 patients). Somatosensory aura was the second common aura (in 8 patients), followed by dizziness, palpitate, fear, blurring, visual illusion and so on. In addition, seizures were easily induced by ankle movement in a patient, and by slight touch of the leg/foot in another patient. The epileptogenic regions of both patients were located in the parietal lobe. In other two patients, seizures were often induced by sudden strong light or flash. The epileptogenic regions were localized in occipital lobe and temporal-occipital border, respectively. ''Out-of-body experience'' was described by a patient, and the epileptogenic region was localized in inferior parietal lobe by intracranial recording. Ten patients showed complex focal seizures, and 7 showed complex focal seizures followed by secondary generalized tonicclonic seizures. Eighteen patients predominantly showed simple motor seizures (clonic seizures in 6, tonic seizures in 7, and versive seizures in 5). Thirty-four patients experienced generalized tonicclonic seizures at least once, and eight of them mainly showed secondary generalized tonic-clonic seizures.
Diagnostic sensitivity and prognostic value of various presurgical evaluations
Semiological study helped localize the epileptogenic zone in 16 cases with favorable outcome and in 9 cases with unfavorable outcome. Semiology led to the lateralization of the epileptogenic hemisphere in 5 patients and localization of epileptogenic zone in the posterior cortex in both hemispheres in 7 patients.
MRI detected focal abnormalities in the resected posterior brain of 24 patients, including 17 patients with favorable outcome and 7 patients with unfavorable outcome. Focal lesions were detected in bilateral posterior cortices in 2 patients and in the contralateral hemisphere or in the frontal or temporal lobe in 4 patients. There were no patients with obvious hippocampal sclerosis in our series.
Interictal scalp EEG localized the epileptogenic zone in 19 cases with favorable outcome and in 5 cases with unfavorable outcome. In 8 patients, interictal EEG lateralized the epileptogenic hemisphere, and in one patient localized the posterior cortex in both hemispheres. Interictal EEG falsely localized the epileptogenic zone to contralateral hemisphere and to the frontal or temporal lobe in 5 patients.
Ictal scalp EEG localized the epileptogenic zone in 14 patients with favorable outcome and in 3 patients with unfavorable outcome. In 11 patients, ictal EEG lateralized the epileptogenic hemisphere, and in 2 patients localized bilateral posterior cortex. Ictal EEG falsely localized the epileptogenic zone to contralateral hemisphere and to the frontal or temporal lobe in 6 patients (Table 3) .
No significant relationship was found between the diagnostic accuracy of any modalities and surgical outcome ( Table 4 ). The surgeries for localized PCEs diagnosed by any of the above modalities might achieve favorable or unfavorable surgical outcome. There is no significant difference among the diagnostic modalities in predicting favorable surgical outcome. In our series, no significant correlation was found between the consistency of diagnostic modalities of pre-surgical evaluation and favorable surgical outcome (Table 5) . Patients who were diagnosed as PCEs by more than one diagnostic modality also have the risk of unfavorable seizure outcome.
Surgery and surgical outcome
All patients underwent surgical treatment. Partial neocortical resection with lesionectomy was performed in 22 patients, but the lesionectomy could not be fully conducted in 3 of them; neocortical resection was performed in 16 patients; and occipital lobectomy in 5 patients. All patients were followed up for >1 year after surgery. Thirty-one (72.1%) had favorable surgical outcome (Engel class I and II), including 26 (60.5%) seizure free patients; whereas 12 (27.9%) patients had unfavorable outcome (Engel class III, IV and V) ( Table 6 ).
Complications of the surgical procedure
Postoperative complications occurred in 15 patients (34.9%). Visual field defects were already detected in 19 patients in their pre-operative evaluation (10 OLEs, 9 temporo-parieto-occipital lobe epilepsies), and six of them suffered from the aggravation of preexisted visual field defects. Newly developed visual field defects were observed in 2 patients after operation (Table 7) . Two had transient contralateral hemiparesis and one had transient aphasia, and they recovered in 3 weeks after surgery. Numbness and somatosensory abnormality were reported in 2 patients and gradually disappeared. One had postsurgical epidural hematoma after strip electrodes implantation which required surgical drainage. One patient had mania after a seizure episode during intracranial EEG monitoring which damaged the depth electrode (Table 8) . Except those with new-onset or worsened visual field defects, patients had complete recovery from their postsurgical complications.
Pathology
Pathological data were available for all of the 43 patients, including 18 MCDs, 12 cicatricial abnormalities, 3 polymicrogyria, 3 heterotopia, 3 tumors, 2 gliosis, 1 inflammatory hyperplasia and 1 tuberous sclerosis ( Table 9 ). The 18 MCDs ranged from mild to severe degrees according to the Palmini's grading system.
Discussion
Compared with temporal or frontal lobe resections, epilepsy surgery in the posterior cortex is rarely performed. A main reason is that the identification of the epileptogenic region is usually difficult in the pre-surgical diagnostic evaluation. The spreading pathway of seizures originating from posterior cortex varies greatly. Ictal discharges tend to spread leading to the epileptic behaviors characteristic of other lobes. For example, infrasylvian propagation might suggest only a complex partial seizure with signs and symptoms of automatisms related to mesial temporal structures 9 ; whereas suprasylvian spread to the central area might elicit partial seizures with motor or sensory signs and symptoms. 10 A detailed history described by the patient, family, and any observer of seizures should be taken to search for clues indicating PCEs.
In our study, 76.7% of the patients were currently experiencing or had previously experienced auras before seizures. Furthermore, two or more types of auras were experienced in 15 patients. Ten patients showed automotor seizures, and 7 showed automotor seizures followed by secondary generalized tonic-clonic seizures. Eighteen patients predominantly showed simple motor seizures. As a consequence, according to the characteristic semiology, epileptogenic zones were localized in 25 cases and were lateralized in 5 patients, and the semiology was helpful to establish the diagnosis of PCEs in other 7 patients. Our findings underline the great importance of detailed observation of epileptic auras and manifestation of seizures in pre-surgical diagnosis.
As with other neocortical epilepsies, MRI can be very helpful not only in the localization of the epileptogenic zone but also in planning appropriate intracranial electrode placement. For instance, 55.8% of our patients were found of focal abnormalities in the resected posterior part of the brain on MRI. It increased the confidence in localizing the epileptogenic zone. 8 However, lesions on MRI occasionally mislead the localization of epileptogenic zone. In 4 patients of our series, the lesions on MRI are located at the temporal lobe, frontal lobe or even in the contralateral hemisphere. These lesions were not the origins of epileptic activities and might simply be incidental or unrelated to the seizures. 11 We also did not find significant correlation between MRI-defined lesion and good surgical outcome. This result may not be universal, since the MRIdefined lesions failed to be completely resected in several patients for its overlapping with eloquent cortex. Furthermore, this result and the relatively high MRI non-lateralizing ratio may indicate that more cryptogenic posterior cortex epilepsies were included in our data. This fact is also verified by the pathological findings. This may be one of the particularities of our data which distinguish themselves from previous publications.
3,5
As we know, the poor localizing value of interictal and ictal EEG is the major obstacle to successful surgical treatment in neocortical epilepsies. 12, 13 Diffuse or bilateral distribution of interictal spikes may be observed in PCEs, and the spikes may be more obvious in frontal part rather than posterior part of the brain. For example, the most common localization of interictal epileptiform discharge in OLE is the ipsilateral temporal area, followed by the ipsilateral parietal area. 14 Ictal scalp recordings do not always suggest a seizure originating from posterior cortex because of rapid propagation to other lobes or contralateral lobes. The condition becomes worse in the patient without detectable lesion on MRI. Intracranial recording may be a solution to this problem. Intracranial EEG recording were performed in 51.2% of our patients. The onset foci of habitual seizures recorded during intracranial EEG monitoring play a predominant role in epileptogenic region localization, particularly in patients with diagnostic modalities giving inconclusive or discordant results. Although surgical treatment of PCEs was rarely reported in literature, posterior cortex resections composed 14.1% (46/326) of all surgical treatment in our epilepsy center between 2001 and 2006. Regarding the surgical outcome, 60.5% of our patients achieved seizure free status, which suggests the value of appropriate surgical treatment in patients with PCEs. In our limited experience, a tailored resection based on intracranial recording might be related to a good post-surgical outcome, especially in patients with focal seizure onset foci. The tailored resection may be more reliable when guided by intracranial EEG finding rather than lesion on MRI. On one hand, the epileptic foci may be localized outside the lesion; on the other hand, intracranial EEG findings were the crucial evidence to achieve tailored resection in patients without visible lesions on MRI.
Visual field defect is the major surgical complication. However, this complication has not been observed in a few patients accepting occipital cortex resection, especially in patients with obvious visual field defect before surgery. It suggests that some degree of cortical reorganization might be accomplished in these patients particularly those with developmental malformation of occipital lobe. 15 This may be helpful for surgical candidate selection, but it needs further investigation. In addition, the relatively low incidence of postoperative hemiparesis in our series may be attributed to pre-or intra-operative functional cortical mapping. MCDs were diagnosed in 41.9% of our surgical population, similarly to the report by Dalmagro et al. This type of underlying pathology should be recognized as a potential substrate of symptomatic PCEs, which has also been found in some recent studies. 3, 16 Polymicrogyria and subcortical heterotopia are two other types of malformation abnormalities. Cicatricial abnormalities are also common epileptogenic pathologies. Although neoplasms were commonly reported in previous epilepsy surgical series, there may be selection bias in different series. 1, 17 It has been reported that the presence of ictal semiology lateralizing to the lesional hemisphere is highly predictive of a favorable outcome after surgical treatment of PCEs. 5 However, in our study, although the prognostic value of ictal semiology, MRI, interictal and ictal EEG are confirmed, none of these diagnostic modalities alone is predominantly reliable for seizure focus localization, and none of them shows obvious predictive value of favorable surgical outcome. There are several reasons for these results, such as inhomogenity with regard to underlying pathology, intracranial recording techniques or completeness of epileptogenic zone resection as well as a selection bias. For example, some authors reported that surgical outcome may be correlated with some specific types of pathologies. The reports suggested that good outcome rates were about 40-67% for MCD, 77-85% for tumor, and even higher for vascular malformation. 3, 5, 15, 18, 19 One possible reason for the relatively poor outcome in patients with MCD may be a greater extent of the malformation outside the resection site. 5 On the other hand, the concordance of diagnostic modalities is also correlated with different types of pathologies. For example, focal cortical dysplasia (FCD) lesions are intrinsically epileptogenic and closely associated with the epileptogenic focus. 20, 21 In contrast, the epileptogenic zone is diffusive or less defined by scalp EEG in polymicrogyria and subcortical heterotopia, and even may be localized at a distance from the major structural abnormality. 22 Therefore, the results of these diagnostic modalities could not be expected to be perfectly concordant for the different physiological mechanisms. Some authors also found out that the complete resection of epileptogenic zone was statistically related to good surgical outcome. 23 It is the fact that, in some patients, although the epileptogenic zone could be accurately defined, complete resection can not be achieved owing to its proximity to eloquent areas. Many reports suggested that invasive recordings allowed better identification of the epileptogenic zone. 14 Some other authors argued that the use of intracranial monitoring has been associated with a nonfavorable outcome because it was performed in cases of poor scalp EEG localization, widespread epileptogenic area or in non-lesional epilepsies. 24, 25 The selection bias of different studies plays an obvious role in the issue.
